One of the most fundamental but least understood phases of plant physiology is the relationship between the quantities of the essential nutrient elements and the metabolic changes occurring in the plant. A living plant is a complex biological system composed of chemical constituents. Most minerals are essential building materials, and some form parts of indispensable catalysts. A deficiency in any mineral affects the normal metabolic system and thus disturbs the balance of the chemical constituents. Abnormal accumulation of certain compounds is associated with the development of a typical symptom usually recognized as due to the abnormal supply of a specific mineral.
In tobacco plants distinctive mineral deficiency symptoms were demonstrated by McMurtrey (7) . The relationship of certain deficiencies to tobacco alkaloids and some organic fractions has also been reported (9, 10 ). It appears desirable for a definite pattern to be established between deficiencies of certain minerals and the organic constituents of that plant so as to provide basic knowledge.
This paper reports the relative differences in alkaloids, sugars, and organic acids in tobacco plants due to the deficiency of one of the following minerals: N, P, K, Ca, Mg, S, and B. This is a preliminary investigation of a semi-quantitative nature. More detailed and extensive studies are in progress and will be presented later. Each seedling with five leaves and about four inches tall was grown first in the starter solution with half-strength complete nutrient. Three weeks later, after the plant was fully established, it was transferred to a partially deficient nutrient solution in a 10-liter jar. Deficiency symptoms usually were evident 5 to 8 days later. Calcium or boron-deficiency caused the drawn appearance of the tobacco plants because the buds had ceased to grow, which is referred to as "physiological" topping. As soon as the Ca-or Bdeficiency symptom appeared, part of the corresponding control plants growing in complete nutrient were topped (decapitated), and suckers were removed thereafter. Plants were harvested 14 to 18 days after symptoms appeared, depending on the conditions of each crop season or the severity of the symptom.
There were four replications in each treatment. TSO ET AL-MINERAL DEFICI(NCY AND ORGANIC CONSTITUENTS rate portion of plant material was extracted with 70 % ethanol, and the residue after ethanol extraction was hydrolyzed with 4 N HCI. Both fractions were used for semi-quantitative determinations of sugarsand organic acids by paper chromatography (2, 3, 6, 8) .
RESULTS AND DISCUSSION
In preliminary studies in 1957, alkaloid content of different mineral deficient plants agreed with published reports (9) . In the order of decreasing amounts of total alkaloids, the results in spring crops were: topped, -B, -Ca, and control plants; and the results in the fall crop were: topped, -B, -Ca, -P, control, and -Mg plants. Although the effects of Bdeficiency and Ca-deficiency upon alkaloid content are considered to be similar to those of manual topping, there is no generally accepted theory as to the exact effects of topping. Increased root branching resulting from topping is suggested as a possible explanation of alkaloid increase (9) . However, the corresponding changes in leaf size and structure, coupled with increased physiological and biochemical activities, appear to deserve more attention.
Results The nitrogen supply in each treatment, except that of N-deficient, was 2,500 mg including N from starter solution. The recoveries in 1958 and 1959 control plants were 2,039.9 and 1,843.9 mg, respectively, or 81.6 % and 73.8 %. In nitrogen-deficient plants the small amount of nitrogen found originated from the starter solution. All deficient and topped plants had a much lower nitrogen recovery than the nontopped control, although in some cases the alkaloid contents were much higher. In studying the relative percentage of alkaloid nitrogen to total nitrogen, topped, -B, and -Ca plants were among the highest, -P, -S, and -N plants were of medium rank, while -K, -Mg, and nontopped control plants were the lowest. It is clear that under deficiency conditions, the total amount of alkaloid formed is not a function of total nitrogen available or total nitrogen recovered in that particular plant. The withdrawal of certain mineral elements appeared to change the normal metabolic system and therefore to shift the balance of most, if not all, organic components, including the precursors for alkaloid formation.
Sugars and organic acids in 1959 samples only were studied. Sucrose, glucose, and fructose were found in the ethanol extract. Higher sugar concentrations (%) were observed in -Ca, -K, untopped PLANT PHYSIOLOGY untopped control plants showed the highest total sugar per plant. Manual topping seemed to reduce sugar concentration tremendously; similar results were found in natural-topped -B plants. However, natural topping caused by -Ca did not change the sugar percentage in comparison with the control, although it decreased significantly the total sugar content.
In the hydrolyzate fraction glucose, arabinose, and xylose were found. All treatments except -Mg showed a higher sugar concentration than the untopped control, particularly -N, -Ca, and -S plants. Potassium-and boron-deficient plants and topped plants had a 40 to 100 % higher content of sugars than the untopped control. However, the untopped control plants were still the highest in total sugar content (per plant) followed by topped and -B plants, while -Ca and -P plants were among the lowest.
These results do not show the exact role which each element might play in the metabolism of sugars. It is clear, however, that manual topping had different effects on the content of sugars than did natural topping (-B, -Ca), although their effects on alkaloid content were somewhat similar.
Regarding organic acids, malic acid was found to be the most abundant; citric, glutaric, malonic, and ascorbic acid were also present in various quantities. Oxalic acid was not positively identified, probably because the special experimental procedure employed was not suitable to detect it. Aspartic and glutamic acids appeared in both organic acid and amino acid fractions, apparently due to incomplete separation. However, they remain major components in the organic acid fraction.
Malonic acid was found principally in ethanol extracts, while glutaric acid was found only in hydrolyzate. Glutamic acid appears to be the highest in ethanol extract; malic acid is the highest in hydrolyzate. In different mineral-deficiency treatments, the total organic acids per plant found in ethanol extracts in the order of decreasing amount is -B, -Mg, topped control corresponding to -Ca, topped control corresponding to -B, nontopped control, -P, -K, -S, -Ca with nitrate, -Ca with urea, and -N. 
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the order is nontopped control, -B, topped control corresponding to -B, topped control corresponding to -Ca, -Mg, -Ca with nitrate, -Ca with urea, -S, -K, -P, and -N. From the available data, the possible relation between alkaloid concentration and any particular organic acid will be discussed later; however, it is indicated that mineral deficiencies did cause major changes in the organic acid composition of tobacco plants.
In order to present a clear picture of these results, the relative differences of various organic groups are shown in figures. Figure 1 presents data concerning the contents of the different alkaloids and sugars of various mineral-deficient plants. Figure 2 lists the various organic acid contents. Figure 3 presents a comparison of total alkaloid, nitrogen, sugar, and organic acid contents.
In studying the relative proportion of alkaloid nitrogen to total nitrogen in each plant, the results showed that topped controls ranked the highest, followed by B-and Ca-deficient plants, and then other treatments. Manual decapitation (topping) appeared to stimulate utilization of a higher percentage of nitrogen into alkaloid formation than did physiological topping induced by Ca-or B-deficiency. This result may be interpreted in two ways. First, although manually or physiologically decapitated plants are all topped physically, the absence of Ca or B in physiologically topped plants theoretically causes more inbalance in the plant metabolic system than there is in plants which have Ca and B. Second, the absence of Ca or B caused severe leaf injury, generally known as the deficiency symptom, which affects the normal The data indicate the drastic changes in the plant metabolic system due to such deficiencies. Manually and physiologically (-B, -Ca) topped plants showed a higher alkaloid content than plants given any of the other treatments mentioned above. Alkaloid formation is considered not simply as a function of total nitrogen available or of total nitrogen content in a plant. Amounts of various sugars and organic acids in the ethanol extracts and hydrolyzate fractions of plants given different treatments were reported. Untopped control plants appeared to have a higher total sugar content than others. Glucose seemed to indicate some relation to alkaloid formation, but not a consistent one. Boron-deficient plants had a higher total organic acid content than untopped control plants, which are the next highest group among all treatments. The high glutamic acid content in -B plants and its possible role in alkaloid formation are discussed.
It is impossible to generalize the metabolic role of those elements studied from the limited data; however, the important effect of each element on the plant is clearly indicated.
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